The sensitive to freezing3 mutation of Arabidopsis thaliana is a cold-sensitive allele of homomeric acetyl-CoA carboxylase that results in cold-induced cuticle deficiencies.
Complementation of the sfr3 mutation with the wild type ACC1 gene. The photograph shows the result of a freezing test comparing wild type, sfr3 and a number of sfr3 primary transformants complemented with the wild type ACC1 gene. The sfr3 mutant show clear damage to young expanding leaves. No freeze-induced damage is present in wild type or complemented sfr3 plants.
A number of freezing-tolerant primary transformants were selected for further analysis. The plants were left to self-fertilise and seed collected. Segregation analysis was carried out with seed from three of these lines. Two showed a freezing tolerant/sensitive ratio close to the 3:1 expected following complementation by a single transgene: line 4; 23 freezing tolerant plants and 7 freezing sensitive (χ 2 test pvalue =0.83) and line 5; 19 tolerant to 4 sensitive (χ 2 test pvalue =0.39). The third (line 3) gave results consistent with the 15:1 ratio expected for two independent transgenes; 19 tolerant and 1 sensitive (χ 2 test pvalue =0.82). PCR analysis with the CAPS marker developed in this work showed that that the wild-type gene was present in freezing tolerant plants but was absent in freezing sensitive plants.
Graph showing water loss from the excised rosettes of sfr3 and wild-type plants grown in either warm or cold conditions. For cold treatments warm grown plants were transferred to a 4 o C growth chamber for 10 days before measurements were made. Rosettes from ~4 week-old Arabidopsis plants were cut at soil level and carefully removed from the soil. The rosettes were incubated abaxial side up in an incubator at 24 o C. Three plants were used for each assay and 3 replicates of each condition. All materials were incubated in the dark for the duration of the assay when water loss through stomata should be minimized. Water loss was expressed as a percentage of the initial weight.
Graph showing expression of the SFR3 transcript in wild-type and sfr3 plants in response to growth in the cold. Plants were grown for 4 weeks at 20°C before transfer to cold-acclimation conditions (4°C). Samples were collected just before transfer to the 4°C growth chamber (warm) and after 1 and 10 days at 4°C. The SFR3 transcript is not cold regulated and shows the same level of expression in wild-type and sfr3 plants in both warm and cold growth conditions. cDNA synthesis was performed using a QuantiTect reverse transcription kit (Qiagen), which includes a genomic DNA removal step, according to the manufacturer's instructions. Real-time amplification in the presence of SYBR Green was performed using a BioScript PCR kit (Bioline) according to the manufacturer's instructions in a Rotor-Gene 6000 apparatus (Corbett Life Science). At the end of the PCR, a melt curve analysis (60 to 95°C) was performed to verify the fidelity of the amplification. For each test condition, cDNA derived from three independent experiments was used, and each reaction was run in duplicate. Levels of each transcript relative to the ACT2 control gene were quantified by the method of Pfaffl (2001) using the wildtype warm grown sample as a reference. The primers were used in this study were: SFR3 (5′-TTGAGAGCGCAGAAACTACT-3′ and 5′-CCAAACGGACACAAGCAAAC-3′), and ACT2/At1g49240 (5′-CTTCCCTCAGCACATTCCAG-3′ and 5′-CCCAGCTTTTTAAGCCTTTG-3′). Pfaffl, M.W. (2001) . A new mathematical model for relative quantification in realtime RT-PCR. Nucleic Acids Res. 29, 2003 -2007 . Supplementary Table 1 Stomatal density of wild-type and sfr3 plants grown in the warm Warm grown) and following 10 days growth in the cold (cold acclimated). Nail polish imprints were taken from the abaxial surface of the youngest fully expanded leaves. In each case stomatal densities were determined by light microscopy from imprints collected from three individual plants. Stomata present in six fields of view were counted for each plant.
Legend to
Cold acclimated stomata per mm 2 ± SD Warm grown stomata per mm 2 ± SD 
